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| | ®—1 Upper limit

- Peak hold .
osc/c @ . —{+ — Filter |—s
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OSC/R (5 L | 6-bit
C System clock triangular

HUP @ generator wave L
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v (3) \\:D 5-bit AD |
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HVM @_ Pt(.)SItI?I'l > Counter He ) ohase .DW — —>® U
HWP@ _,—i> 1 e T Output Data [y Comparator ] _)@ X

HWM @_ l waveform selector Dead
q ) h = ——{24) V

Internal| | phase enerator phase fime O
v @ ref -
P I voltaée alignment ) wo Comparator 1 control —>@ Y
Voltage —
VCC@ regulator phase > —{25) W
B f 120/180 120/180 (| —129) Z
GND (9} +{--

select
Charger &
Vrefout@  d FG | Rotation \:‘: Comparator pywm gate

Power-on direction HU block
reset v
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RES (10 | w120
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de(20) CW/CCW matrix

ERREN

cwiccw (1) Protection
& ERR
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TOSHIBA TB6584AFNG
5] iR
5 Jii No. iRz HiRE Eiiip
1 OSC/C |4
: CR 1%
2 OSC/IR |4 2 b
3 HUP
PEFETHA, U
4 HUM
5 HVP " [
'fﬁﬁfﬁ_%iﬁ)\, \V; élﬁ;g%(fiz);z/%ﬁ{%é UVvVW =111 ji 000 Hj— ﬁ:!f‘ﬁ )\ﬁp‘] EBM%Q(EE%
6 HVM
7 HWP
MEETRA, W
8 HWM
9 GND | %t —
L: #shHik.
10 RES R0 PN H: {21k 5k, (ihiddn A5 5 s bi.)
RES Hi A P T i HLFH.
st 4 1330 4 L: )[|D'1HTJ”E‘|' EE?@
1| cwicew |? ‘ET T H: B4t et
Jie#e CW/CCW i A 1A 5L 437 b L.
12 Vep FEdr M Vep N 1 35 F A F L
13 LA | ERif (LA) BBl LA i NS0 ZFRERT fE 0CFT 58 ZIHLL 32 7 i
14 UL |LABER UL % A psi 1B 0 £ 69 _EBR (UL = 0 ~ 5.0 V).
S e o By 2 RC I pE48 1 2 g I 2 b 5| B,
e H = OPEN: FG = 3 ppr
16 FGC  |FG Hihifs SisesiN L: FG =1 ppr FGC i AFT 14 385 b .
17 PH U AE PR FF UG A PR 457 HEL 28 AR F, R BEL A T 81t 5 A
18 Gout
o . WA E Gin Al Gout 3| #FRIBCK 1de H TN T SEAALIE T .
n
. S DC-link HL7i# A2 Ide fiN. ZHEHE N 0.5 V. Idc FINFH NI RC Lk
20 Ide | IR A B (41 ps I TRED B AECFREIESS (6 1 us (IR 40).
21 Vee IR Vec=6~16.5V
5 5V (typ.), 30 mA (max)
22 Viefout | 7% LKA 5 35 2 0 B AR 1 Vregout 111
JHEAS St U
23 Ul e
ltEAE THiE v,
24 Vv .
(V' =-fu)
G T W,
25 w (W 75-0) o
S B X s ehi
ERsE sl
X
2 (U fiE-)
RGeS FH Y,
27 Y
(V A&~y
REAE S Z
z
2 W {i-f1)
. FGC =H 1 OPEN: FG = 3 ppr it
29 FG FG 5S4k FGC=L:FG=1ppr %t *ppr: & H—A kit
30 REV AT E S REV %t # FH SR AG I s e ) R A
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TOSHIBA TB6584AFNG
B\ S Ak R B
H TR E ), S50 % B AT e A8 4 45 s el i A
5| I RE 5 NS P 0 R %
Vref?ut Vrefout
frEESHA, U :35 1 A
?gﬁ%zﬁi’ v HVP | B T 7
RIS SHA, W HVM | 3#5: £7.5 mV (typ. o =
HWP iy Je (typ.) o A
HWM * =
177 Vead
Vrefout Vrefout
NGt 3 G g
ekt S
CW/CCW
L: CW L: 0.8 V (max) ' 2.0kQ
H: CCW H: Vrefout = 1V (min)
Vrefout
E=EVE TN ¥
2.0 kQ
L: Bk, RES ||. 0.8V (max)
H: 1%&2‘7% (E'fi) H: Vrefout -1V (mln) %
8
Vrefout Vrefout
FG {52 BN Hoy g
H or OPEN: FG = 3 ppr FGC L: 0.8 V (max) ‘8 100 Q
L: FG =1 ppr H: Vyefout = 1V (min)
e
(S el 10002
Vsp HLEVERE: 0~ 10V
%]J%}/I?/\E/spszj Y Vsp |5.7V<Vsp<7.3VH, PWM %L g
E FEIRE EAE 92% (typ.).
(XY FIZ 3 8% VI ELE 92% (typ.) 3
e 8.2V < Vsp < 10 V iif, TBE584AFNG
BN A
FYN IR AR, UL T Viyefout B Vee
iZiEE;@.#ETE&Tﬂ% F) LA N
LA HUEVEE: 0~ 5.0 V (Viefout) 100 Q
ov:-0° LA | iR LA> Vrefout, FilfK 58° i1yt Al o
5V: 58 07 A TRl 2
(5-bLAD) B 1 B AR, LA 40 A% 8 From auto
ORFF OPEN. K, LA 4 ATT LAY H lead anale
SRS 25 5. by
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TOSHIBA TB6584AFNG
3| e e N 1A S P
Vrefout Vce
EN 7N
25 dB max . 100 Q
W E Gin Gin
Gout: #i 3 Gout
GRS ) Gout L:OéNéth I
H:Vecc-1.7V
Idc  To peak
hold
circuitry
Vee
U ({53 L R P B )
W (R oy | PH I 100 ©
(R 1 7 1) F ) He# RIC {H:
100 kQ/0.1 pF 100 Q :
Vce
—/ RC IG5 828 F v 25 M B 3
i i e a8 LPE . 100 kQ
(AT A B ) Fr b4 100 kQ (typ.) HiBH.
HeFE C fH: 0.1 pF 100 Q :
Vee
S P LA B\ R e A ph A
LA iy R UL | BEREER, TR s . 100 Q
UL=0~50V
Vrefout 1%89
B ST 1A 5 1 ps (typ.) - Gout
ML R A 1 s (typ.) [~ o cin
HNACEECTTE U ldc  |idc JRMIT0.5 Vi, I TRy HAE. | o 200 k& . Comparator
(— B R T 2R L) LLI >
s Ide ARHERE, HEILFTH B, 5T oL
i
Vee Vee Vee
y 4
2% B R Viefout |5 % 0.5V (30 mA max)

-‘.—K
{
I3
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TOSHIBA TB6584AFNG
5| I hRE 5 NS P 0 R %
Vrefout Vrefout
FERI 3
PRI REV. ettt (21 mA (max)
_{ 100 Q
Vrefout Vrefout
v
et (21 mA (max))
FGC = H or OPEN —1
FG {554 F -
G =5t S |3 ppr it (3 Hkh ) e
FGC=L —{
1 ppr % (— kb dg E A7)
Vrefout
i 4, U u _| i
JHEAS T, V \Y; v
ARG T, W w HEd %t (£2 mA (max)) —O
JBhREAS St X X L: 0.78 V (max) ] 1oe |
RS SR, Y \% H: Vyefout — 0.78 V (min) 1
TGS T, Z z
77
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2% B KBUE {E (Ta = 25°C)

FEAE 5 A Unit
it R FRL Vce 18 \Y;
VIN (1 -03~Vece (1)
NS " . v
VIN (2) = 0.3 ~ Vyefout + 0.3 (i 2)
JRh A H R lout 2 mA
Vrefout %ﬁ!’:lj l:E{)llL |ref0ut 30 (51 3) mA
TiFE Pp 1.1 CGEH| W
I{/Efﬂ%llg Topr -30~115 (;I 5) °C

1 VIN (1) S Vsp, LA, F UL
*2: VIN ) 5| H: HUP, HVP, HWP, HUM, HVM, HWM CW/CCW, RES, Idc, FGC, #1 Gin

7 3: BT Vrefout 91 I % — AN K 30 mA ([t AL I, B9 4t L.
W 4 BT HR 50 x 50 x 1.6 mm, Cu 40%)
5 TARRETREE Pp - Ta FHERGE.

TAEVERE (Ta=25°C)

Ambient temperature Ta (°C)

FHAIE g Min Typ. | Max | Unit
A e R Vee 6 15 16.5 Y,
Pp-Ta
2.0
(1) When mounted on
universal board
= 16 50 x 50 x 1.6 mm
S (2) IConly
LEI Rth (j-a) = 145 °C/W
1.2
C
2
©
o \\(1)
2 08 \
e NN
3
8 0.4 \Q\\
N\
NS
: Y
0 50 100 150 200
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BAHHE (Ta= 25°C, Vee = 15 V)
FEAE e AR %A Min Typ. Max | Unit
IIN (1)—1 VIN=5V LA — 25 50
. IIN (1)-2 VIN=5V Vsp — 35 70
LD NGERT Y (1) pA
IIN (2)-1 VIN=5V RES — 50 100
IIN (2)-2 VIN=0V CW/CCW, FGC -100 -50 —
. V
High refout _ vV
vin | | ewicew, RS, FGe -1 refout
Low — — 0.8
IEZ B ON
T 2 — 1
AR 15 1% o= 92% (typ.) 8 o | v
vsp | H |PWMduty=92% 51 | 54 | 57
M [Refresh — Motor startup 1.8 2.1 2.4
L G — RHT 0.7 1.0 1.3
N U Vs ZEOTEIN 100 — — mVpp
EIRR FLam- A A
Vi 15 — 3.5 \%
LN HLE W
LN VH (1) (G¥)| 5.5 7.5 +9.5 mV
N Tor EREN fosc = 4.5 MHz — 1.0 —
N (ose ) us
Toc Idc (fosc = 4.5 MHz) — 2.5 —
V V
Vout (Hy1 |lout=2mA UV, W, X, Y, Z Zreiod | Tetout ] —
VouT (L)1 |louT =-2mA UV,W,XY,Z — 0.3 0.78
VREV (H) louT = 1 mA REV V_refout \Q’efOéﬂ _
i
o e e VREV() |lour=-1mA  REV — (o2 [ 10 | V
VEGH) |lout=1mA FG V_refout V_refo;t _
VFG (L) louT =-1mA FG — 0.2 1.0
Vrefout louT = 30 mA Vrefout 4.5 5.0 5.5
N IL (H Vour=0V UVv,wXY,Zz — 0 10
R H) uA
IL (L) Vout = Vrefout U, V,W, XY, Z — 0 10
A0 H O PATIS R) (fi%- ) TOFF (fosc = 4.5 MHz), loyT =+ 2 mA 1.7 2.0 2.3 us
VIV Vbe Idc 0.46 0.5 0.54 \Y
Gin = 100 kQ, Gout = 10 kQ,
. AMPOUT 114 = 0.2V, IoyT = 1 mA 20 1 22 | 24 |V
A 2 E amp — —
AMPOES %l:;(;.(z)ovkﬂ, Gout = 10 kQ, _ 5 _ mv
LA HRFR 1 B RS AU uUL=20V -20 — 20 mV
& L1 gk A Gin =100 kQ, Gout=10 kQ,
LA U8 {7 R 46 ) PR PHOUT |00 05\ loum = 5 mA 20 | 22 | 24 v
TLA(0) LA =0V or OPEN, Hall inputs = 100 Hz — 0 —
HBHT A E TLA (2.5) LA =2.5V, Hall inputs = 100 Hz 26 30 33 °
TLA (5) LA =5V, Hall inputs = 100 Hz 52 57 60
Vcee (H)  |[Fthor B iRl 4.2 45 48
Ve B Voo (L) | #rHh oC Al i 3.7 4.0 43 \%
VH PN ER — 0.5 —
PV,V.M HE%%D’%K Fc (20) OSC/C =330 pF, OSC/R = 9.1 kQ 18 20 22 iy
(BB Fc (18) OSC/C = 330 pF, OSC/R =10 kQ 16.2 18 19.8
R bk Ton(max) | Oge e P OSCR = 10ke go | o2 | 95 | %

T A A
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TheeHid

1. FEKRTAE

JR NI, Sk R A BRSO AR S IR 8. A A S AL 5 Hz ¥dE (f), TB6584AFNG M AL
BTN Sk B HiFHEA]. TB6584AFNG SR Ja R = i i LB M il 45 = 7 A IE5Z 0.

MWEZENF 5 Hz: RSN (120° L) £ = fose/ (212 x 32 x 6)
5Hz #: 1E5Z3 PWM 3X35h (180°h#); £ KZIA 5.7 Hz 4 fose = 4.5 MHz I}

2. HEm4(Vsp) B 5L

@

©)

3

4

Vsp < 1.0 V i}
hEAS S AR (o, TR RO

1.0V <Vsp<2.1VH:
A REAS S DL— @ 1 (PWM BRI . (5 5 S HRMIRY 8%.)

2.1V <Vsp<17.3VH:
IE3Z3 PWM Ksh e, Fhid(s 5 BEEsb s BoR. B2k ikah e, R S5t bl—e i (PWM %,
WOSRBERSITT S . (6 3 H 2 KE 8%.)

8.2 V< Vsp <10 V (i)t
TB6584AFNG TEIE %3 IR sh 50~ A= 00 a0 A IKsh. 281, HAEEZEAE N I) sl LUK I S 5.

Vsp EiE 7.9V (typ )i, HRTATIHAZE.
PWM 52 W58 PWM _carrier_frequency x 92% (typ.) HARFFEEM (5.4 V< Vsp (typ.).

PWM duty

) B e r

L N L Vsp
1.0V 21V 54V 73V 82V 0V

(1) ) @) )

10 2016-02-22
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3. ZEXEIEIEA (32 XA R4RY)

T 5 L TE 53 PWM SR 18] A1 E LA A0 5 00 Dy 258 G (8] (R RS, 72— DI TT IR A0 53— D) G P TRV B X I 1] A
Herdi.
(77 B B ) S 1) BB DX B ] B P T 4 o 2 G A 34.)

TOFF = 9/fosc

TOFF ~2.0 us ﬂ:—,l fosc =4.5 MHz HTJ—, .[J:t f()sc ﬁ%%ﬁﬁ%?iﬁ%

(1, CR R 2IH).

]
(V. W) —>' I<— —>: '<—
T o T
y oFF | I | TorF
(Y 2) T !
4. FRFTHARES]
MR LA f\ 1% 5 BT B8 AT A ] LLZE 0° A1 58° 2 [RILL 32 M B4k, v 0~5V LIE.
ov=0°

5V =58 (LA HJE#IT 5 V I, 58° 81T k)

Sample evaluation

Step LA (V) Leadoangle Step LA (V) Leadoangle Step LA (V) Leadoangle
) ) ¢)
0 0.00 0.00 11 1.72 19.92 22 3.44 40.58
1 0.16 0.94 12 1.88 21.79 23 3.59 43.01
2 0.31 3.18 13 2.03 23.47 24 3.75 44.32
3 0.47 4.68 14 2.19 25.90 25 3.91 46.75
4 0.63 7.11 15 2.34 27.12 26 4.06 48.25
5 0.78 9.44 16 2.50 29.55 27 4.22 50.49
6 0.94 10.75 17 2.66 30.86 28 4.38 52.74
7 1.09 13.18 18 2.81 33.01 29 4.53 54.05
8 1.25 14.21 19 2.97 34.41 30 4.69 56.48
9 1.41 16.55 20 3.13 36.75 31 4.84 56.48
10 1.56 17.58 21 3.28 39.27 32 5.00 56.48

11 2016-02-22
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Relation of LA (V) and Lead angle (°)
60

5 L
45 l_J

40 I—J

s —

)
L

Phase

25 [

20

LA (V)

5. PWM #EHEME
= TR R PWM AT H fose/252 M.
(77 B 3K 2y S99 1) = AR Bt e FH SR i ) (I O = A 5 RO 4T 9 F)
ﬁ?ﬂi’f)ﬁ$ = fosc/252 (HZ),
I fose = 2% M4 (CR kG S

6. R¥ERES

VERHESR UL Sk 360 HL A I NERE 7 M),
REV 5 ERRER 180° i (7> 5 Hz M /RECREIN).

CW/CCW Pin S B By Jie e 75 1 REV Pin
CW (forward) Low
Low (CW)
CCW (reverse) High
CW (forward) High
High (CCW)
CCW (reverse) Low

12 2016-02-22
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7. BERR Rk H

TB6584AFNG R4 E /K5 5 fnth e e fikih. FGC 3wl AU — kb R Bl 8 ke & s, — Mk

el U MRERE S, 3 iketfMiEd A S U, V, M W MRS ETHATR B 4.

FGC FG
High or Open 3 kb A
Low 1 Rk i e A

Timing Chart of FG Signal

FGC = High | | | | | l l l l l |4| ;

s I A B R S

13
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8. PRI-RERHIA G

oy

@

3

RS Ide 51D

R DC-link LY L BT A B2 25 0L I Sl i 5 5 s . S vt PR 7 1 AR A W0 s e 2 .

ZEHE = 0.5V (typ.)

TR (RES 51 1)

RES fAJymit, Jillikm gt RES M E MKk OPEN I, Jil# %t # f A .
AEATAS KRN B B ik 2 A LA SR AG I XA BN Z A R B E] RES .

. bR RS S
RES Pin UV, W, X, Y, 2)
High Low
Low or OPEN The motor can be driven.

(RES = iy, FHEBARM AR B L AR TIEEEEHEMER, FHREBRAAERE.)

WL DR
o FWALEE SR

frEGESBMA (UVW) hemai e n, e ot ocm o, ER). ZemAfi E T b
AW, b AR RE. (- A -1 P ZRIOKR 284 e )

o RIEHENVCC ML)

- F g S ) PR R AR Y DAAMS, il A v B v - PR R ER I SN D 85 el T

BEAAIR.

A

Power supply 4.5V (typ.) #
voltage i

Commutation signal

Outputs high impedance—)l(— Outputs enabled

AU Vce
N4.0 V (typ.)
| GND
--------------- Vm

—)l(— Outputs high impedance

14
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TOSHIBA i%j( TB6584AFNG

TR

i Uphase :
Position signals Position ; P ~u

o Counter '
(Hall sensors) estimation ' > X
T Y phase o \Y

Phase alignment | ¢— |
E =Y

W phase | sine-wave patterns c ‘
(modulated signal) omparator

Voltage
command Lo

Triangular wave
System clock (carrier frequency)

CR oscillator —0—
generator W

Square-wave drive mode
(E)
92%

Commutation ON duty (U, V, W)

2.1V (typ.) 5.0V (typ.)

Voltage command Vsp

T AL S BSE T D, (BB < 92% - Tq x 2)

Sine-wave drive mode
92%

Commutation ON duty

2.1V (typ.) 5.4V (typ.)

Voltage command Vsp

15 2016-02-22



TOSHIBA iéj( TB6584AFNG

RAE /R EH A B S S PORE], HAmEE S D= MEERAER N 1EZ PWM 3.
THEER IR A — MBI =R E S LT (FER) W BT AT (BT 360 A ff). e B e T —iH

i 60° HHEIE.
Bk 32 4l 60 Bl MHAKAE TS LEET 60° MIRHS 1/32 I [A]JE H.

HU

*HU, HV, HW: Hall signals

3

HV

L (5)

Wy, @, @,

HW
L,

EE, BEESIFEIEA AR (1)) 5T HU 8 ETHEE HW ()8R0 1/32 fiakE. BB0RHrsga —
AMEIRE ((2)) 5T HW M TR HV (2) B ETHEZIE 1/32 [FIaFE. 32 85 RETWREA —A HU EJHE, (2) &

NETQEEF—A HU [ A
*t § § g cTONs TN

— —
D |
[

Sv

32 data

*t=t(1) x 1/32
BEA B IS 5 Bk 22 (0 B30 1R RE R RS R s P a8t PRl 1R T
FEEA B IE 5 B AR sl sl 2 A0, BAF 60 B KA. ERE SEHALE LI H B Ik e s sscd ), 4 i
TR A S A AR N R 4.
E BB, BTG B RE RE SRR R TT IR

16 2016-02-22




TOSHIBA iéj( TB6584AFNG

E#mFE (CW/CCW = Low, LA = GND, FGC = High)

(Non-inverted hall signal inputs)

0 < Hall signals < 5.7 Hz
(120° commutation)

T
R SRR S s B SO S S
—l::::':':::

5.7 Hz < Hall signals
(180° commutation: Modulated waveforms)

Su

S

* EBIRIARE T KT 5.7 Hz (@ fosc = 4.5 MHz)I, AR LA % NGB RT A 32 6 0.

DAL Py PRl g A R i 1 6 (K T BE AN Bl 4.

17 2016-02-22



TOSHIBA i%j( TB6584AFNG

E#rFE (CW/CCW = Low, LA = GND, FGC=High)

(Inverted hall signal inputs)

[

Reverse rotation sénsing
(120° commutation)

* CW/CCW = ki, RERERESH 0° ()T A TB6584AFNG A 120 il

DL I e P g R i B4 (K D RE AN B4

18 2016-02-22



TOSHIBA iéj( TB6584AFNG

REER FE (CW/CCW = High, LA = GND, FGC=High)

(Inverted hall signal inputs)

HUM ~

0 < Hall signals < 5.7 Hz
(120° commutation)

u

RTITIT NS N TV

' |
L e B R A e
i S N N N e e S S NN N
ST N e e U U B N S s B

5.7 Hz < Hall signals
(180° commutation: Modulated waveforms)

Sy

S

Sy

Sw

S e T e S e B Y o B

* EBIRIARE T KT 5.7 Hz (@ fosc = 4.5 MHz)I, AR LA % NGB RT A 32 6 0.

DAL Py PRl g A R i 1 6 (K T BE AN Bl 4.

19 2016-02-22



TOSHIBA i%j( TB6584AFNG

REER B (CW/CCW = High, LA = GND, FGC=High)

(Noninverted hall signal inputs)

-

Reverse rotation sensiﬁg
(120° commutation)

w1 § § § i § § § ipiptigipin

*. CW/CCW = @i, JEREME/RESH 0° ()T AT TBE584AFNG RN 120° b=,

DL I e P g AR i i B4 (K D RE AN B4

20 2016-02-22



TOSHIBA i%j( TB6584AFNG

FRWSEIE (CWICCW = Low)

(E)

Hall signal inputs

o] | | |

Aﬂrged vk
W

ONU
Tq: > > Td

2 [ ] 7o [ ]

Ero TR H T BN LR .

NTHG—ADEERTHE, KWL XY 1 Z) B BEIFR A 22\ BB (ToNL) RIMETE 120°5) il = (%
(KIS PRI (RS0 IA). SR B s, AR e g T sl il (U, VR W) B0 P — AN SEIXI 6] ). (Ta B Vsp B
MmAe4L.)

B B = 252/fosc (s) FEX S IE]: Td = 9fosc (s) (Vsp>5.0V,)
TONL = AW x 8% (s) UHEARE Vsp HiN)

TR, Sk f AR e, BURT Vep MK SiZ#/EH ToNU B S AV e. (L 15 Lok
AL
Ve BB, BRESHIRY 5.7 Hz 8LHER (@ fosc = 4.5 MHz)iN H &5 LUK & T TB6584AFNG (REV = &)X E
J7 ) i e i, Bk 5 3 RSl

21 2016-02-22



TOSHIBA 1%)’( TB6584AFNG
EZ R (CW/ICCW = Low)

Inside / Modulated signals / Triangular wave (carrier)

smee AAANTITINAANAAAATVY
e FVAANAALATITNAANAANS
e PATITVADAANNSTITVAL

Output waveforms

u

X

L1
[

L1
[ UL

\Y

-<

[ TUU
UL
LU
[ 1L

== _]

=

S

z

L
11
H
|

=5kE-
CO=F

Phase voltage differences

o [LCCT 0] LTI
wo Ul JL 1 [T

i 1 OO
i TOO T MO0

" [LCIE I
M“JTTWWIUMIUUU LI ]

IEZBIRANEATT, BOREE S RS Vsp RURIMAA, H Dikid B Rt BOR rfL 5 5 2 LR Ak, (T 15
FIESZ B AR A L)
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Notes on Contents

1.

Block Diagrams

Some of the functional blocks, circuits, or constants in the block diagram may be omitted or simplified for
explanatory purposes.

Equivalent Circuits

The equivalent circuit diagrams may be simplified or some parts of them may be omitted for explanatory
purposes.

Timing Charts

Timing charts may be simplified for explanatory purposes.

Absolute Maximum ratings

The absolute maximum ratings of a semiconductor device are a set of ratings that must not be exceeded,
even for a moment. Do not exceed any of these ratings. Exceeding the rating(s) may cause device breakdown,
damage, deterioration or ignition, and may result injury by explosion or combustion.

Applications using the device should be designed so that no maximum rating will ever be exceeded under
any operating conditions.

It must be ensured that the device is used within the specified operating range.

Application Circuits

The application circuits shown in this document are provided for reference purposes only. Thorough
evaluation is required, especially at the mass production design stage.

Toshiba does not grant any license to any industrial property rights by providing these examples of
application circuits.

Test Circuits

Components in the test circuits are used only to obtain and confirm the device characteristics. These
components and circuits are not guaranteed to prevent malfunction or failure from occurring in the
application equipment.
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IC Usage Considerations

Notes on handling of ICs
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The absolute maximum ratings of a semiconductor device are a set of ratings that must not be
exceeded, even for a moment. Do not exceed any of these ratings.

Exceeding the rating(s) may cause the device breakdown, damage or deterioration, and may result
injury by explosion or combustion.

Use an appropriate power supply fuse to ensure that a large current does not continuously flow in case
of over current and/or IC failure. The IC will fully break down when used under conditions that exceed
its absolute maximum ratings, when the wiring is routed improperly or when an abnormal pulse noise
occurs from the wiring or load, causing a large current to continuously flow and the breakdown can
lead smoke or ignition. To minimize the effects of the flow of a large current in case of breakdown,
appropriate settings, such as fuse capacity, fusing time and insertion circuit location, are required.

If your design includes an inductive load such as a motor coil, incorporate a protection circuit into the
design to prevent device malfunction or breakdown caused by the current resulting from the inrush
current at power ON or the negative current resulting from the back electromotive force at power OFF.
IC breakdown may cause injury, smoke or ignition.

Use a stable power supply with ICs with built-in protection functions. If the power supply is unstable,
the protection function may not operate, causing IC breakdown. IC breakdown may cause injury,
smoke or ignition.

Do not insert devices in the wrong orientation or incorrectly.

Make sure that the positive and negative terminals of power supplies are connected properly.
Otherwise, the current or power consumption may exceed the absolute maximum rating, and
exceeding the rating(s) may cause the device breakdown, damage or deterioration, and may result
injury by explosion or combustion.

In addition, do not use any device that is applied the current with inserting in the wrong orientation or
incorrectly even just one time.

Points to Remember on Handling of ICs
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Over current protection circuit

Over current protection circuits (referred to as current limiter circuits) do not necessarily protect ICs
under all circumstances. If the Over current protection circuits operate against the over current, clear
the over current status immediately.

Depending on the method of use and usage conditions, such as exceeding absolute maximum ratings
can cause the over current protection circuit to not operate properly or IC breakdown before operation.
In addition, depending on the method of use and usage conditions, if over current continues to flow for
a long time after operation, the IC may generate heat resulting in breakdown.

Heat radiation design

In using an IC with large current flow such as power amp, regulator or driver, please design the device
so that heat is appropriately radiated, not to exceed the specified junction temperature (TJ) at any
time and condition. These ICs generate heat even during normal use. An inadequate IC heat radiation
design can lead to decrease in IC life, deterioration of IC characteristics or IC breakdown. In addition,
please design the device taking into considerate the effect of IC heat radiation with peripheral
components.

Back-EMF

When a motor rotates in the reverse direction, stops or slows down abruptly, a current flow back to the
motor’s power supply due to the effect of back-EMF. If the current sink capability of the power supply
is small, the device’s motor power supply and output pins might be exposed to conditions beyond
absolute maximum ratings. To avoid this problem, take the effect of back-EMF into consideration in
system design.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively "Product") without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all
relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for
Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for
the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product
design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or
applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams,
programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating parameters for
such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH
MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, medical equipment, equipment used for
automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or explosions,
safety devices, elevators and escalators, devices related to electric power, and equipment used in finance-related fields. IF YOU USE
PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your
TOSHIBA sales representative.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). Product and related software and technology may be controlled under the applicable export
laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export
Administration Regulations. Export and re-export of Product or related software or technology are strictly prohibited except in
compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES
OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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